Introduction
The Finnish native cattle populations were named on the basis of their geographic breeding areas. East-Finnish cattle (EFc) are usually brown-sided. North-Finnish cattle (NFc) are white with brown or black spots and West-Finnish cattle (WFc) are brown. Indigenous cattle are almost exclusively polled. At the beginning of this century there were three native cattle herd book societies in Finland. Since the fusion of the societies in 1947, the populations were regarded as one population and breed, Finncattle.
The number of Finnish native cows has declined drastically. Still in 1970 there were 307 600 Finncattle, but in 1980 their number had dropped to 42 800 and in 1991 down to only 7 900, which is 1.6 % of the total dairy cattle population in Finland. West-Finnish cattle are the largest group -7 700 out of the total 7 900. The EFc and NFc populations, with 70 and 60 purebred cows left, respectively, can be regarded as threatened by extinction. The indigenous cattle have been replaced by Finnish Ayrshire (FAy) and Finnish Friesian (FFr) .
The polymorphic character of genetically determined red cell antigens and blood protein systems, and their simple mode of inheritance make them valuable for studying the origin, structure and relationship of breeds. Blood polymorphism can also be utilized as a measure of genetic variation. This study was conducted to determine the alleles or the phenogroups of the blood groups and blood protein systems in the Finnish native cattle populations, to investigate the average degree of heterozygosity and to calculate the genetic distances between East-, North-and West-Finnish cattle.
Material and methods
Blood samples were collected from a total of 250 native cattle (Table 1 ). The animals belonged to 43 herds located in different parts of Finland. For comparison, 50 Finnish Ayrshire (FAy) and 50 Finnish Friesian (FFr) animals were tested as well. The number of sires of the sampled animals were estimated to be between 22 and 37 in EFc, between 16 and 18 in NFc and 50 in WFc. Of these, 7 EFc, 10 NFc and 48 WFc males had been used in artificial insemination (AI) and the rest of the bulls only in their birth herds. East-, North-and West-Finnish cattle AI bulls had on an average 3.7, 4.3 and 2.4 progenies, respectively. Both FAy and FFr animals had been sired by 50 AI bulls. The sires of all the studied populations were not included in the present material.
Blood samples were typed for nine red cell antigen and five polymorphic protein systems (Table 2 ). The variants in the five blood plasma protein systems were determined by horizontal and two-dimensional polyacrylamide gel electrophoresis. The technique employed in blood group tests and electrophoresis has been described by Braend (1959) , Gahne et al. (1977) and Juneja and Gahne (1980) . The term allele is used in this report instead of a factor or a variant, except in the B blood group system where the terms B factor and B phenogroup are employed. The presence of a factor, e.g. G, means that the animal reacts positively with the reagent for G. A phenogroup stands for a combination of factors which is inherited as a block, e.g. BGO r
The F and R' blood groups and the investigated protein systems form so-called closed systems, where an individual's genotype can be directly determined in a laboratory test. Other blood group systems are open systems where an individual's genotype may be deduced from its parents' or progeny's phenotypes. Thus, in the closed systems the alleles are codominant, whereas dominance is present in the open systems. Depending on the nature of the system, the allele frequencies were estimated by different counting methods (Falconer 1981) . In the B system the frequencies of the phenogroups were estimated with Braend's (1963) square root method.
East-and West-Finnish cattle were divided into two groups according to the geographic location of the herd. There were 30 EFc and 40 WFc animals in South and Central Finland (region 1) and 44 EFc and 81 WFc animals in North Finland (region 2). In the EFc population there were four genetically isolated herds, which had 4,6, 14 and 15 animals, a total of 39 animals. Inbreeding has obviously occurred in these herds, each of which formed a closed mating unit for over five cattle generations. The existence of genetic equilibrium and the regional and isolational effects were studied using of the codominant systems. The average degree of heterozygosity of the closed systems was estimated according to Ferguson (1980) . There were no half-or fullsibs or parent-progeny pairs in the calculations. The X 2 independence test was employed to calculate the statistical significance for the differences between the populations in the allele frequencies of the closed systems and for investigating the genetic equilibrium as well as the regional and isolational effects.
Genetic distances among EFc, NFc and WFc and among WFc, FAy and FFr were estimated according to NeTs (1972) standard method. Three locus groups were used in the calculation. The first locus group included the F and R' blood groups and the Pa, Tf, Ptf 1, Ptf 2 and Pi-2 protein systems, the second group the A, B, J, L, M, Z and T' blood groups and the third group the closed and the open systems together.
Results
Allele and genotype frequencies Statistically significant differences (p<0.001) were found between EFc, NFc and WFc in the allele frequencies of the F, Pa, Tf, Ptf 2 and Pi-2 systems (Table 3 ). The Pa F allele of postalbumin in the EFc population was more than twice or three times as numerous as in WFc or in NFc, respectively. The Tf°was the most frequent allele of the transferrin system in NFc and WFc, but not in EFc, in which the Tf A allele had the highest frequency. The presence of the Tf E and the Ptf 2 s 
Regional and isolation effects
The regional differencies in the allele frequencies in East-Finnish cattle were significant in the Pa (p<0.001) and in the Tf (p<0.05) systems (Table 5 ). The F v allele was not observed in the EFc population in region 2. The differences in the allele frequencies between the two regional WFc populations were not statistically significant in any of the seven loci. There were two isolated EFc herds in region I and also two herds in region 2. The allele frequencies in the isolated herds and in the nonisolated herds using AI deviated significantly (p<0.01) only in the Pi-2 locus (Table 6 ). With Al-herds = herds having used Al-bulls the exception of the F blood group there were less heterozygotic animals in the isolated herds than in other herds in all loci. Five B phenogroups -1,, A' 2 E' 3 G', GO,Y 2 , D'GT and Vwere frequent in the genetically isolated EFc herds.
Degree of heterozygosity and genetic distances
The average degree of heterozygosity (H) was highest in East-Finnish cattle and lowest in NorthFinnish cattle (Table 7) . NFc was monomorphic in the R' blood group and this locus was least diverse also in WFc. NFc had little variation in the Pi-2 although this locus has three alleles. With respect to the level of genetic variation in the loci of the closed systems, WFc and NFc were more similar than WFc and EFc. East-and NorthFinnish cattle differed the most.
West-and North-Finnish cattle were genetically most similar on the basis of the genetic dis- 
Discussion
The present results of the allele frequencies of WFc were almost the same as the results of Vasenius (1965) , who studied allele frequencies for the transferrin locus in 313 Finncattle, and those of Maijala and Findström (1966) , who studied blood group alleles in 540 West-Finnish bulls. No fixation or loss of alleles in available loci in the West-Finnish cattle population was found when comparing the present study to the investigations made in the 1960'5. The B phenogroup Y 2 D'G', typical of WFc in this study, had not been observed in other native cattle populations in the Nordic countries (Maijala and Lindström 1966) . Baker and Manwell (1980) reported that the Tf 6 is characteristic of breeds which had been developed in harsh environments. The results in this study agree with that hypothesis, since the Tf 6 was found in a high frequency in North-Finnish cattle, a population of Finnish Lapland.
EFc and NFc were not in genetic equilibrium in all loci. The small population sizes, genetic drift, isolation and an obvious inbreeding in the Table 8 . Genetic distances between the populations on the basis of three locus groups.
LG 1
LG 2
LG 3 Baker and Manwell (1980) Before the fusion of the three herd book societies in 1947, East-, North-and West-Finnish cattle were at least partly geographically isolated. Also the founding animals with which the breeding work of each native breed was begun may have been genetically different. The present East-and North-Finnish cattle breeds are only samples of the populations of past times. Genetic drift is obviously one of the major causes for differentiation. East-Finnish cattle have partly been isolated, and inbreeding in the isolated herds may have increased genetic differentiation in the EFc as opposed to the other native breeds.
